Background Management of elderly inflammatory bowel disease (IBD) patients (C 65 years of age) is complicated due to many factors, including a higher risk of cancer, which may impact therapeutic decisions. Objective The aim of this study was to determine the risk of cancer among elderly IBD patients compared with younger IBD patients. Additionally, the absolute risk of malignancy and factors contributing to it were evaluated, and therapeutic patterns among the elderly were assessed. Methods This retrospective cohort study extracted data from the Truven Health Analytics MarketScan Ò database. Among adult IBD patients who were free of cancer before starting on corticosteroids, immunomodulators, or biologics, a Cox model for time to cancer was fitted that adjusted for several covariates, including time-dependent treatment. Baseline results were evaluated by age group, as were the incidence of cancer and the distribution of cancer subtypes.
Background
Crohn's disease (CD) and ulcerative colitis (UC), collectively known as inflammatory bowel disease (IBD), affect nearly 1.6 million Americans [1] . The global increase in incidence and prevalence of IBD coupled with an aging population imply that the number of elderly patients with IBD is set to increase [2] . Management of elderly patients with IBD in the real world is complicated due to comorbidities, polypharmacy, and risk of adverse drug effects [3, 4] .
Existing data have shown that chronic corticosteroid use is prevalent among elderly patients with IBD, with lower rates of utilization of corticosteroid-sparing regimens [5, 6] . Many reasons are suspected for the underutilization of corticosteroid-sparing regimens in the elderly population [7, 8] , including paucity of clinical data, partly due to the fact that clinical trials tend to exclude people over 65 years of age, as well as fear of infections secondary to immunosuppression. In particular, the elderly have an increased risk of malignancy as a factor of their age, which could be accentuated by the immunosuppressive medications used for the treatment of IBD [8, 9] .
In view of the increasing number of elderly IBD patients and the lack of data regarding treatment patterns and safety profiles of medications in this cohort, we felt it essential to evaluate a nationwide cohort to gain further insight into this group. We designed this study to determine whether elderly IBD patients who are exposed to corticosteroids, immunomodulators, and biologic therapy have a significantly higher risk of cancer, even when controlling for several confounders, including treatment. As part of the study, we assessed the demographic features of elderly patients with IBD, as well as treatment modalities employed to manage the disease in this cohort, compared with younger adult patients (18-64 years of age). We also compared the incidence rates (IRs) and distribution of cancers among the elderly with age-matched controls, as determined by the Surveillance, Epidemiology, and End Results (SEER) database.
Methods

Study Design
This retrospective cohort study analyzed data between 1 January 2010 and 31 December 2014 from Truven Health Analytics MarketScan Ò , a nationally representative US commercial claims and Medicare supplemental database consisting of medical and pharmacy claims of over 150 employers, including 100 health plans (payers), representing approximately 170 million covered lives.
Patient Selection
The study population consisted of patients with at least two International Classification of Diseases, Ninth Revision (ICD-9) diagnostic claims for UC (556.xx) or CD (555.xx), but not both, at least 30 days apart (n = 367,510 included). After establishing the diagnosis, patients were followed starting on the date of the first prescription (index date) of a corticosteroid, immunomodulator, or biologic therapy (anti-tumor necrosis factor [TNF] or antiintegrin), from 2010 to 2014 (n = 193,640 excluded). To restrict our population to patients with moderate to severe IBD, 5-aminosalicylic acid was not included as an index therapy. All patients were C 18 years of age, had at least 6 months continuous enrollment prior to the index date (baseline period), and had at least 6 months of follow-up (n = 78,944 excluded). Patients with a diagnosis of rheumatoid arthritis or psoriasis during baseline were excluded (n = 2252 excluded), as were those with baseline claims for a biologic, immunomodulator, or corticosteroid (n = 28,904 excluded). An additional 11 patients were lost due to corrupted days' supply data, leaving the study with 63,759 evaluable subjects. To restrict our study to incident cancer, patients with at least one diagnosis of any malignancy during baseline (n = 3843) were excluded.
Outcome Measures
We defined a malignancy as a diagnosis with ICD-9 codes 140.xx-208.xx or 230.xx-234.xx (Table 5 in Appendix). The presence of cancer during follow-up was confirmed by requiring two identical ICD-9 codes on different dates within 2 months of each other [10] . Time to first cancer diagnosis was the primary outcome measure.
Statistical Analysis
The difference in the overall rates of malignancy between those aged 65 years or older and 18-to 64-year-olds was formally tested by focusing on the p value for the age group hazard ratio (HR) in a Cox proportional hazards regression of time to first cancer. Variables adjusted for in the analytical model included IBD therapy (medication exposure) and all the baseline covariates listed in Table 1 . A backward selection model was used and covariates with a p value below 0.05 were retained, along with the age group indicator.
Medication exposure was defined in a time-dependent manner. The corticosteroid treatment variable was a simple yes/no indicator of ever use during follow-up. Immunomodulator and biologic treatment took on three possible values: Data are expressed as n (%) unless otherwise specified 5-ASA 5-aminosalicylic acid, CD Crohn's disease, COPD chronic obstructive pulmonary disease, HMO health maintenance organization, POS point-of-service, PPO preferred provider organization, SD standard deviation, UC ulcerative colitis
• pre-treatment, from index date until first prescription (or never treated); • on treatment, from first prescription of active course of therapy until 6 months after last day on drug; • post-treatment, from 6 months after last day on drug until end of study, or until first prescription of a subsequent course of therapy.
This treatment scheme was implemented through two time-dependent indicator variables:
• on treatment versus other (pre-and post-treatment);
• post-treatment versus other (pre-treatment and on treatment).
Descriptive statistics were computed stratified by age group. Baseline cohort comparisons were based on p values derived from a Chi-squared test for categorical variables and analysis of variance for continuous variables.
Post Hoc Analysis
After the results of the formal hypothesis test, we investigated the IRs and frequencies of certain types of cancer, by age group, and compared them with SEER statistics on the general population. Event rates by treatment exposure intervals were also explored.
Results
Patient Characteristics
The final cohort of 63,759 consisted of 54,971 patients between 18 and 64 years of age, and 8788 patients aged 65 years or older at index date. Table 1 displays the baseline characteristics of the population by age group. While the older and younger cohorts are similar in sex, index year and depression, there are some differences in region, health insurance and other variables. While some of the differences appear to be minimal, e.g. sex, the p value for the difference between the two cohorts, driven by the large sample sizes, is very small.
Overall, the older age group had a larger percentage of patients with UC, more subjects from the Midwest and less from the South, more people with comprehensive health insurance, and more patients with chronic obstructive pulmonary disease (COPD), anemia, ischemic heart disease, cancer, diabetes and hypertension. Additionally, the older cohort had an average Charlson comorbidity index (CCI) score approximately 3.5-fold larger than the younger cohort, and used 1.5-fold more different types of medications (polypharmacy), painting a picture of an obviously sicker population compared with the younger group.
At baseline, 5-aminosalicylic acid use was higher among the elderly (51.5%) compared with 18-to 64-yearolds (46.4%); this difference was driven by CD patients (43.4 vs. 33.0%, p\0.0001), whereas 5-aminosalicylic acid use was balanced among UC patients (56.7 vs. 57.4%, p = 0.29).
The median length of follow-up was 24 months for the elderly and 22 months for the younger group. From Table 2 , we see that corticosteroid use any time during follow-up was higher among the elderly (96%) compared with 18-to 64-year-olds (90%), while the reverse was true for utilization rates of biologics (6 vs. 19%) and immunomodulators (11 vs. 21%). Among biologics users, only 3 elderly patients (0.6%) and 72 younger patients (0.7%) were ever prescribed an anti-integrin (note that vedolizumab was licensed in May 2014 and natalizumab is seldom used for IBD therapy).
Cancer Incidence
For the analysis phase, the 1450 older patients and 2393 younger patients who had cancer at baseline (see Table 1 ) were excluded. The older cohort experienced a much higher incidence of malignancy. Based on 564 events (not including non-melanoma skin cancer [NMSC] events) during 15,824 person-years (PYs), patients over 65 years of age had an average IR of 3.56 cancers per 100 PYs, with a 95% confidence interval (CI) of 3.28-3.87. The elderly rate was almost fourfold the 0.93 rate for patients under 65 years of age (95% CI 0.87-0.99), based on 1017 events Compared with the SEER database's age-specific cancer rates, IBD patients\65 years of age were exposed to a risk of cancer that was fourfold higher than the general population's rate of 0.22 cancers per 100 PYs, while IBD patients C 65 years of age were exposed to a cancer risk approximately 1.8-fold higher than the SEER rate of 2.03 [11] . The hazard function, which is the instantaneous risk of an outcome (displayed in Fig. 1) , essentially shows the progress of the incidence of cancer over time. The instantaneous risk of cancer was highest right after the index date but then slowly tapered off. The local peaks of both incidences near the 5-year mark were driven by relatively small sample sizes (see Fig. 1 ).
Formal Cox Model Fit
Confirming the difference seen in the raw IRs, the Cox model produced an HR of 3.04 for the over 65 years age group, with a p value below 0.0001, meaning that, in this study, the older cohort had an approximately threefold higher risk of cancer (based on time to the first cancer diagnosis) than the younger cohort, a highly statistically significant difference (Table 3) . Several other baseline characteristics that were associated with an increased risk of cancer are reported in Table 3 : male sex, time since the IBD diagnosis, taking at least five different types of medications (polypharmacy), a CCI score C 1, a solid organ transplant, hypertension, and COPD. Taking corticosteroids any time during follow-up was associated with a 35% increased risk of cancer. The correlations among the parameter estimates were all below 0.25 (absolute value), an indication of a well-determined model. No statistically significant association was observed between length of exposure to immunomodulators or biologics and cancer.
To produce the graphic showing the separation between the Kaplan-Meier survivor functions or event-free probability curves for each age group, a Cox model was fitted without the time-dependent treatment variables (Fig. 2) .
A similar picture emerged for NMSC, analyzed as an experimental endpoint. The older cohort endured 529 first events and a raw IR of 3.36 cancers per 100 PYs, approximately fivefold higher than the 0.64 rate for the younger cohort, which was based on 700 events. However, a different set of significant covariates appeared in the proportional hazards model for NMSC. The HR for the over 65 years age group was 4.81, with a 95% CI of 4.17-5.55 and a p value below 0.0001. The time-dependent indicator of post-biologic treatment remained in the final model, associated with a 43% reduction in skin cancer risk, while the other three time-dependent indicators were dropped. Taking corticosteroids any time during follow-up was associated with a 30% decreased risk of NMSC. Other baseline characteristics that significantly altered the risk of cancer were male sex (HR 1.54), polypharmacy (HR 1.24), time since the IBD diagnosis (HR 1.07), a solid organ transplant (HR 3.62), region, and health insurance. Region yielded sensible results, with patients in the South and West (the sunnier areas of the country) exhibiting a higher Fig. 1 Estimated hazard rate or incidence density of cancer over time with confidence bands risk of skin cancer than the reference region, the Midwest, or the Northeast.
Post Hoc Analysis
Following the formal hypothesis test, we explored the distribution of the types of malignancy in our study (Table 4) , as well as the specific timing of the events relative to immunomodulator and biologic exposure. Overall, 1581 cancer events were observed in the study, by age group and level of the time-dependent treatment covariates. The raw average IRs of malignancy are displayed in Fig. 3a, b . The unadjusted IRs of cancer are higher across the pre-treatment, on-treatment, and post-treatment periods in IBD patients aged [ 65 years in the biologic-and immunomodulator-treated groups. With one exception, it is striking how similar the IRs are across the three time categories: pre-treatment (or no treatment), on treatment, and post-treatment. The only exception appears to be older patients during biologics post-treatment, although its wide CI reflects a reduced sample size. The rates for immunomodulator post-treatment also appear to be relatively lower than the other time frames.
Higher incidences of colorectal cancer (IR 0.27/100 PY vs. 0.20/100 PY), non-Hodgkin's lymphoma (IR 0.14/100 PY vs. 0.09/100 PY), and urinary tract malignancy (IR 0.37/100 PY vs. 0.12/100 PY) were observed among IBD patients C 65 years of age when compared with cancer IRs in the SEER database for the same age group. Prostate, lung, and female breast cancers also had higher IRs in the elderly IBD subgroup compared with the age-matched SEER database. Fig. 2 Kaplan-Meier eventfree probability curves with confidence bands CI confidence interval, COPD chronic obstructive pulmonary disease, DISTIME time from diagnosis to index date, Dx diagnosis, HR hazard ratio
Discussion
The prevalence of IBD within an already aging population is increasing, yet management remains controversial due to factors such as comorbidity, polypharmacy, and adverse drug effects [3] . From this large, population-based, retrospective cohort study, we concluded that elderly IBD patients had a statistically significant threefold higher incidence of cancer compared with younger IBD patients, after controlling for time-dependent medications and a variety of baseline characteristics and comorbidities. Additionally, both the elderly and younger IBD cohorts had a higher risk of malignancy when compared with the agematched general population in the SEER database. Percentage of each cancer subtype in the first event of cancer, e.g. colorectal cancer made up 6.5% of all first cancer events in the younger group, and 3.9% in the elderly group, ordered from the highest incidence in the C 65 years age group to the lowest b All other cancers, comprised of over 120 specific subtypes
While evaluating the demographic attributes of the elderly and younger IBD populations, we discovered that the older age group had a higher proportion of patients with UC, and, as expected, a higher prevalence of serious comorbidities. Almost half the patients (46.3%) had a CCI of one or more. Polypharmacy was of particular concern in this elderly population, with more than half (53.8%) taking five or more medications [12] . These data provide clinicians with a clearer understanding of their older IBD patients.
Interestingly, in regard to IBD-specific therapy, there are unique patterns in the use of corticosteroids, immunomodulators, and biologic agents. Corticosteroid use was marginally higher among the elderly (95.7 vs. 90.2%), while there was significantly lower use of immunomodulators (10.9 vs. 20.7%) and biologic agents (5.9 vs. 18.8%). This implies that utilization of corticosteroid-sparing drugs is much lower among the elderly. Another interesting fact was the higher use of 5-aminosalicylic acid compounds among the elderly compared with the younger Crohn's patients, despite the lack of data demonstrating their efficacy in CD, suggesting physicians are reluctant to use immunomodulators or biologics in the elderly. This lower use of corticosteroid-sparing agents in the elderly could possibly be explained by underrepresentation in clinical trials, minimal evidence-based literature, or physician concern for side effects associated with these classes of medications [13] [14] [15] [16] . Foremost among these is the concern for malignancy. To address this issue we evaluated the absolute risk of malignancy and the factors associated with the development of malignancy.
In our population, older IBD patients experienced a much higher rate of malignancy, with an average raw IR of 3.56 cancers per 100 PYs. The cancer rates in the older IBD population were also higher than age-matched groups in the SEER database, which is representative of the general population. This was a significant finding in the study and although the cause is uncertain, it may be secondary to immune dysregulation that is inherent in IBD patients. Baseline characteristics that were associated with an increased risk of cancer included male sex, time since IBD diagnosis, polypharmacy use ([ 5 medications), a CCI score of at least 1, solid organ transplant, hypertension, and COPD (refer to Table 3 ). Notably, corticosteroid use at any time was associated with a 35% increased risk of developing a malignancy.
Evaluating the risk associated with immunomodulators and biologics, there were similar IRs across the three categories of treatment: pre-treatment (or no treatment), on treatment and post-treatment. Our results collectively show that immunomodulators and biological agents tended not to increase the overall cancer incidence in this IBD population, in line with a previous study, which concluded that adalimumab did not increase the overall risk of malignancy [17] , as well as data from the TREAT registry [18] . Similarly, a Danish study found that exposure to anti-TNF agents was not associated with an increased risk of cancer [19] .
A prominent finding was that the elderly had a very high prevalence of baseline malignancy (16.5%), which, coupled with a higher propensity for developing a malignancy in the follow-up period, places them at a high risk of developing cancer during the course of their disease. There are limited data on the use of thiopurines and anti-TNF agents among patients who have had a malignancy. A recent meta-analysis suggested that there was not an increased risk of recurrence of malignancy in this group [20] . However, in the absence of prospective data, judicious use of these therapies, or therapy with a gut selective mechanism of action, could be considered [21] [22] [23] [24] .
We also evaluated the distribution of specific cancer subtypes between the elderly and younger age groups. Among the elderly, the most common malignancies were prostate, lung, female breast cancer, urinary tract cancer, and colorectal cancer. While it is expected that higher rates of colorectal cancer would be seen in IBD patients, other malignancies such as non-Hodgkin's lymphoma, urinary tract malignancy, and prostate, lung, and female breast cancers were observed more commonly among IBD patients C 65 years of age when compared with the same age group in the SEER database [25] . Physicians caring for elderly IBD patients need to be cognizant of the increased risk of malignancy in this group, and should ensure that adequate screening modalities are utilized and patients made aware of early warning symptoms [16, 26] .
This study is not without its limitations. The entire MarketScan Ò database contains longitudinal health claims from almost 170 million participants who were covered by a variety of health insurance plans, including a large number with Medicare supplemental policies. Of course, the database consists only of insured individuals, and does not represent the US population at large; its lack of direct Medicare patients and other non-commercially insured individuals entails a limitation of the database and therefore the study. The study was also limited by the unavailability of some confounders, such as race and smoking status, and by having only a partial measure of the length of time patients had lived with IBD before entering the study. The fact that this covariate still exerted so much influence on the fitted model speaks to its importance. Observational studies are, by their very nature, limited as lack of randomization introduces bias in the unbalanced selection of cohorts, although the large number of potential confounders in the model helped ameliorate the situation. It can be argued that cancer develops over many years, and hence the 6-month baseline and average follow-up of approximately 2 years may have been too short to fully assess the risk of malignancy. Although no statistically significant association was observed between the length of exposure to medications and the risk of cancer, these results should be interpreted with caution as the median duration of follow-up was only 22 months for the younger group and 24 months for the elderly, which may be too short to show an effect. As it was our intention to evaluate patients with moderate to severe IBD, we did not include in our analysis patients who were only treated with 5-aminosalicylic acid compounds, which led to the exclusion of a large proportion of patients.
Conclusions
Elderly IBD patients are a distinct group with increased comorbidities and polypharmacy. They have a substantially increased risk of malignancy when compared with both the younger IBD group and the general population. This is not just limited to a higher overall malignancy rate as certain malignancies are more common in the elderly IBD population. The increased rate was associated with corticosteroid use, but not with the use of biologics or immunomodulators. Despite this lack of association, elderly patients were more likely to be treated with corticosteroids than corticosteroid-sparing agents. Further studies should be performed among elderly IBD patients to assess the impact of longer-term treatment on cancer risk.
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Appendix
See Table 5 . 
